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NATIORAL AINISORY COMMITTEE FOR AEHONAUTICS

By E. Floyd Valentine and Nicholas Mastrocola

INTROTUCTION

As a result of a requeast by the Army Air Corps, a propeller
submitted by the Wickwire-Spencer Steel Company was. tested to
dotermine the aerodynamic propertiss. The propeller was designed
for operation on a small target airplane capaeble of flying at
about 200 miles per hour at 1600 feet altitude with a 1l75~horsepower
engine. The pitich of the propeller is intended to be controlled in
flight eutomatically by forces set up within the propeller itself.,

Although the chief object of the tests was to determine the
basic aerodynamic properties of the propeller, a few additional
tests were mede to determine the functional characteristics of the
controllable mechanism.

AFPARATUS AND METHODS

The tests were conducted in the propeller-research tunnel of
the NACA. Figure 1 shows the wing-macelle combination on which the
Propeller was mounted. The wing, of NACA 23019.5 section, had a
span of 15 feet and a chord of 7.2 feet. All tests were run at
zero angle of attack. The radial engine nacelle was 24.5 inches in
diameter and was fltted with a perforated plate to simlate the
resistance of an engine to the flow through the cowling.

The electric motor used to drive the propeller was overloaded
to develop 22 horsepower at 1200 rpm. It was mounted inside. the
wing snd drove the propeller through em ‘extension shaft.

The propeller blades were of laminated wood construction, fitted
in metal sleeves to provide rotation within the hub. (See fig. 2.)
The tips were metal covered. The blades incorporated an extended
trailing edge with a reflex camber over the irmer half of the tip



radius. This reflex tralling edge was removed for part of the test
program. Figure 2 shows the blade form with and wlthout the reflex
trailing edge. The blade form curves for both conditions are given

in figure 3.

Tests of two methods of pltch regulation were mede. For one
method the pitch angle assumed by the blades was determined by a
balance between the momemnt of the centrifugel force on the blade-~
counterwelght assenibly and @ monment applled to the blade roots by
the engine torgque. In this case the engine torgue 1s applied to
a bevel gear which 1is meshed with gears fastened to the blades in
such a way as to tend to turn the blades toward o low pitch position.
This gear system elsc serves the purpose of keeving the two blades
at the same pitch. The counterweights were attached to the blade
roote in such a manner as to counteract the engine torque and temd
to turm the blades In the high-plitch position. The two momentas
would halance at ane rotational speed which would be independent of
alraspeed or altitide,

In the other method the erngina torque 1z applied in the normal
method directly to the hub. The pitoh angle assumed by the blades
1s in this case determined dy an equilibrium between the eerodynamic
moment of the reflex=-trailing-edge blade and the moment of the
centrifugal force of the counterweights. Idling gears are used to
Insure that the blades will each be at the same pitch at all times.

Tests were made with the blades locked at several pltch settings
of from 10° to 35° to obtain the basic aerodynamlc characteristics
of the propeller with both blade forms. The method of running these
tests was to increase gradually the tunnel velocity with the
rotational speed held constant at its maximum velue until the tunnel
speed. reached 1lts maximum value of 100 miles per hour. The
remainder of the desired V/nD range was obtalned by reducing the
rotational speed. This same method was used in the functionsl tests
to determine the pitch regulation characteristice of the propeller.
In the latter case the above procedure was also.repeated in the
reverse sequence to (btain the effect of friction.,

A bank of total~head tubes was mounted behind the propeller
disk to determline the effect of the two reflex trailing edges on
tf‘:u'ﬂ;t dig:iibuticn. The bank of tubes was supported independently
0. o mo . -
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* RESULAS AND DISCUSSION -
Te propeller results are presented in the form of the
nondimiensiohal coefficients, as follows:

N . .
®
Cp = ~
m?
op Power
m3 D’
.CT .
n = —7V/oD
CP .
Cg = —-L_vl:;?
vhere
To is the effective thrust, namely, measured thrust plus ihe
body drag meesured separetely
4] mass densliy of alr, slugs per cubic foot
n " rotational speed; rps
D diameter, feet
v airspeed, feet per second

Aleo, the slipatream distribution is given in terms of pressure
ratio, H/q, where ‘ )

H is the total pressure and

q 1s the dynaemic pressure, %pva ’



The results are presented in the following figures:

Figure 4 Cop conventional trailing edge

Flgure 5 Cp conventional tralllng edge

Pigure 6 g conventional trailing edge

Figure T Cg conventional tralling edge

Figure 8 Cp reflex trailing edge

Figure 9 Cp reflex tralling edge

Plgure 10 7 reflex tralling edge

Figure 11 Cg reflex trailing edge

Figure 12 efficiency envelope comparisons

Figure 13 pressure distribution behind propellers

Figure 14 functional results for automatic operation -
engine torque versus centrifuzal force

Figure 15 asrodynamic characteristics of propeller when
in antomatic operatlion - engine torque versus
centrifugel force

Figure 16 functional results for automatic operation =

serodynamically stablliged blades

Aerodypnamic testp.~ As one method of automatic pitch control
required the presence of reflexed tralling edges, 1t was desirable
to determine the penalty imposed by this additionel portion of the
blades. Tests were mads, therefore, with the reflexed trailing
edges intact, and also with them removed. In figure 12 it may be
seen that the propeller was from 1 to 2 percent more efficlent with
the tralling edges trimmed to conform to conventional practice than
with them intact.

As the hub was rather large and not contained within a spinmer,
a separate drag run was made to determine the effect of the hub on
the drag of the body. This hub drag was used in correcting the
envelope efflclency curve for the application wherein the hud would
be enclosed within a spinmer. Thie correction amounted to from O
to 2 percent, depending upon the V/nD. The maximmm corrected



efficiency for the conventiomal blade form thua’ reached 85 percent
+" at a pltch setting of 35°. :This efficlency is within a poroent or
- po of vhat would be upeo-ted. frdn h@tal 'bladas. . .

S Aaﬂ:erefle:t.rainngedgeemintendadtopmvideanmly
constent or zero asrodynamic moment about the center of rotation of
the blades, they mst create a drag foroe at the tralling edge. It
would be ex:pooted therefore, that this dreg force would result in
a loss in thrust. In figure 13 are plots of the pressure distai~
bution in the slipstream for both types of blades. It may be noted
that the reflex trailing edge did result in a loss in thrmust,
particularly for the lower pitch settings. At 15° the dn'ﬁire “thrust
Wes conoentrated at the outer half of the blades, where no reflex
existed, for the propeller with reflex tralling edges; whema it
vas oconcentratad nearer the center of the 'bla.das for the p:mpaller
with conventional trail:lng odgas. )

M--mfi@mlhmmploteofmr
coefficient obtained with automatic pitch operation for the
'propeller enploy.’l.ng torque and centrifugal force as the p:l.tch

chenging forces. These plots are superposed cn plota of power
ocoefficlient ocbtained with the pitch fixed at various a.ngles. It

may be noted that with the large counterweights set 10° with respect
to the normal of the blade chord line the power .coefficient remained
‘fairly constent through a wide renge of blade angles. The total -
variation in power coefficlent was only 6 percent for a 15° pitch
change, indicating that the engine speed variation would be only

2 percent.’ For smaller pitch changes, as 1s contemplated, the

pover coefficlent and engine speed oould. be held nearly constant.

Of further interest i1s the fact that either a decreasing or increasing
power coefficlent may be obtained by adjusting the weight, which may
be useful for compensating for the loss or gain in power with altitude
for certaln installations. It may be further noted that the value

of the power coefficlent was nearly prbportional to the size of

the weight used. A small weight provided a power coefficient of
approximately 0.04, as against 0.08 for the larger waight.

. It should be pointed out that :lnaamoh as the pltch is controlled
by englneg power and centrifugal force; the blades will adjust themselves,
maintaining a tonstant rpm for.a conatant torque or powers The effect
of alr density and airspeed on this eguilibrium rotational speed

would be emall for normal blade confi tions for which the ‘aerodynamic
moment 1s small relative to the momen d.er:lved. from the ensine torque

. and centrifugel force,’ ' 't ™ ’ . :

The effect of the reflex trailing edge on the operatimal
characteristios of the propeller designed to operate with torque and
centrifugal force was moonsegtantial, as may be not.od. 'by comparison
of figures 14(a) and J.h('b).~ o



Figure 2.- Propeller blades. Conventional
blade and blade with reflex trailing edge.
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